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Orthogonal  encoding  ROI C 

•  Each  column  is  multiplied  by  a  unique  code,  and  the 
multiplied  signals  are  summed  in  the  row  common  bus 
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conclusion 


Satisfactory  results  with  the  2  encoding  cells  experiment 
confirm  validity  of  the  orthogonal  encoding  scheme  for 
readout  circuits 

Applicability  extends  to  passive  imaging  systems 

Depending  on  the  system  conditions,  the  orthogonal 
encoding  architecture  is  advantageous  with  respect  to 
the  conventional  time-multiplexed  scheme 

I  ntegrating  the  transimpedance  amplifiers  with  improved 
versions  of  readout  cells  should  enhance  noise 
performance  of  the  overall  system 
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Fully  differential  architecture 
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^  Cri  A  system- level  implementation 

Advantages  of  fully  differential  CTI A  system 


single-ended  outputs  still  exhibit  pedestal  error 
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2-stage  Miller  compensated  OTA,  design  requirements 
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Design  requirements 

•Gm  >  250mSie 

(2%  settling  accuracy)  >  40k 
•I  nput  referred  noise  <  5nV/  itHz 
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"  ° '  poie  more  than  three 
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•CMRR  >  60dB 
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•Best  effort  on  power  consumption 
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Cp-cew*  Cg»l+CgdL(t*oi)  1.26E11 

Frequency  response 

fa  -  1/ 12  j R2  (C*Cod3>  kHz 

frid  *  gm8/(2  pl.Co) 

2SS.S0  Uhz 

att  *  20-k)g<fhd/ftl| 

3.  From  total  Om  and  a2  to  second  stage  desigol 


Hequiremcfits  for  second  stage 

(minimum) 

a2  (miniifium} 

160  74 

gm8  -  Gm  /  a1  (minimum) 

1.37E-03  S« 

R2  ■  a2  flfflB  (rntnimum} 

1  17E+05  Ohm 

From  simulations  and  iteralion; 

Gain  of  second  stage  a2 

2ild  SI.  irai»conduci,g/n8 

R2  »  a2/  gmS  |  required) 

Dom.  src.  roe  (from  Kins)  s 

Load  CS.  ro7  (fmm  srm)  - 
Com  Sfc.  {P)  Vov:*  V8*  (from  ssns) 
Load  CS  (N)  Vcnr-  V7*  {from  sims) 

150  V/V 
3.60i-04  Sie 
4.I7E+OS 

1  46E+05 
2.39E+OS 
4.45E>01  V 
3.111-01  V 

R2  (achieved}  •  ro7  f/roe 
and  gm7  -  gnriS.  V8*  /  V7* 

9J9e+04 

5.I5E-04 

IB1AS2  (in  paper)  •  gmS.VS^  /  2 
IB1AS2  (Hem  slmti 

3.05E-O4  A 
2.S06-O4 

Sizes  W  -  L.gm  t  (ilCok.V-) 
M>S.Mi0  (common  source) 

M7.M9  (aciive  toads) 

W(um)  L 

S.S3E+01  4,003 
7.29e*01  5.023 

[nput  HofSe  Power  Density  due  to  2fYd  stage; 

( 1  /a  1  H8/3X<T/gm&H  1  *gm7/gm3>  6.7 1 E  -20  V2;H2 

COLOR  CODES 

KNOBS 

I^AH  1  tAL  VAL^ 

FJ  HAL  values 

OTA  design  methodology 

First  and  second  stage  design  strategy 


VDD 


Circuit  for  design  of 
amplification  stage 


Transistor  models 
from  vendor  are  used 
to  optimize  the  design 
of  a  single  stage  of 
amplification  with 
active  loading 

Bias  conditions  are 
replicated,  and  noise 
from  biasing  strategy 
is  properly  filtered  out 

Design  results  are 
back-annotated  in 
work  sheet 


OTA  design  methodology 

Common- Mode  amplifier  design 


vdd 


Q13  and  Q3  compute 
common- mode 
voltage  from  the  OTA 
output  and  "compare" 
it  to  the  desired  value 
(GND) 

The  amplifier 
produces  a  current 
output  that  regulates 
the  common- mode 
voltage  in  the 
differential  amplifier 


Common-mode  amplifier  circuit 


OTA  design  methodology 

Final  schematic  for  differential  OTA 

VDD 


OTA  Performance 


Open- loop  gain 


:vodA/  IV/div 

Open- loop  gain  exceeds 
40,000  for  the  operation 
range  (2.4Vpk-pk) 


Frequency  response 


Dominant  and  non-dominant 
pole  about  three  decade 
apart 


vod  /  V 


OTA  Performance 


Frequency  response  with  I  nput  differential 

external  compensation  capacitance 


10.000000  10.00000G 


*  12.09349P 


-10.9499P 


^  1.143597P 


External  compensation  of  3pF  yields 
phase  margin  of  about  80  degrees 

Compensation  switch  optimally  sized  for 
zero- nulling 


Cin  ~  12pF  at  low  frequencies 

Decays  for  high  frequencies 
because  of  absence  of  Miller  effect 


Vop,  Von  /  mV 


OTA  Performance 


Transfer  response  with  , 

external  compensation 


single-ended  outputs  still  exhibit  pedestal  error 


External  compensation  of  3pF  effectively  Low  frequency  input  referred  noise 

reduces  differential  transient  ringing  around  5nV/  itHz 


CMFB  ampiifier  is  aiso  compensated  (IpF)  High  frequency  noise  density  is  not 

to  reduce  common- mode  voitage  transient  reievant  in  this  case 

ringing 


Second  generation  ROI C 

Four  1x16  arrays  +  Fully  differential  dl  A 


I  ONIVERSrFYs 

^ElAWM  I 


TOP  OF  THE  CHIP 


Readout  cell  physical  design 


^ElAWM  I 


VDD 

9 

VDD 

9 

Q3  Q4 

lu«ir 

ii^ 

if 

ii^ 

if 

IL 

“IL 

IL 

Q26 

-ir 

Q34 

ir 

IL 

Transistor  parameters 

wn=2.975u,  ln=2.1u 
wp=1.4u,  lp=4.025u 
wn1=3.3u,  In1=4.025u 
wn2=4.9u,  In2=4u 
wp1=3.3u,  Ip1=4.025u 
ws=1.8u,  ls=1.05u,  ms=1 


ILL  circuits 


Code 

modulator 


Biasing 


Compensation 

capacitors 


CTIA  physical  design 

Matching  transistors  and  capacitors 


All  differential  pairs  are 
designed  with  muiti-finger, 
common-centroid  structure 

The  differentiai  OTA  is  divided 
into  differential  pair  sections 


Four-capacitor  layout  using 
common-centroid  techniques 

Dummy  cap  in  the  middie 
shorted  to  ground 


ROI C  physical  design 

Fully  differential  CTI A  amplifier 


PMOS 

mirrors 


CDS-SH 


Common-mode 

amplifier 


First  stage 
active  load 


Compensation 
capacitors 


NMOS 

mirrors 


□iff.  pair 
biasing 


Input 

differential  pair 


Second  stage 
amplifiers  and 
active  load 


CDS-SH  switches 


ROI C  physical  design 


Inputs 


Readout  cell 
array 


CTIAs 


Code  inputs 


rXTTTTTTTTTTTTTTT 


i  ORTHOGONALLY  MODULATED  S 

'Qeiaw 

^  CMOS  READOUT  I NTEGRATED  Cl  RCUl  T  ^ 

FOR  I  MAGI  NG  APPLI CATI ONS 


Orthogonal  encoding  readout  system  description 
Prototype  system  design  and  verification 
Conclusions 


Readout  cell  improvements 
Transimpedance  amplifier  integration 

•  Conclusion  and  brainstorm  on  further 
improvements 


Conclusion 


Satisfactory  results  with  the  prototype  experiment  confirm 
validity  of  the  orthogonal  encoding  scheme  for  readout  circuits 


Expect  system  performance  improvement  with  the  design 
optimization  of  the  readout  cell  and  the  integration  of  the  fully 
differential  CTIA 


(0  =  S  (0  •  c(0  +  (0  -ciO  +  n 


C  5 


The  readout  cell  with  the  code¬ 
modulator  only  is  an  outstanding 
candidate  for  highly-scalable  imaging 
systems.  Its  characteristics:  only  four 
transistors,  zero  noise,  no  power 
consumption,  no  band  width 
limitations. 


4"  (0  =  Kn  (0  •c{t)  +  n-+  (0  •  c(0  +  , 


(0  =  //  (0  -  z;-  (0  =  [/;  (0  -  z:„  (/)]  •  [c{t)  -  c  (0] , 


Further  improvement  is  accomplished 
if  differential  photodetector  devices 
are  used 


Conclusion  (cont'd) 


Take  advantage  of  switched  nature  of  the  system  to  cancel 
charge  injection  peaks  from  readout  cells. 


With  code- modulator-only  cells  the  system  becomes  highly- 
scalable  but  the  noise  performance  of  the  OTA  amplifier 
needs  to  be  improved  by  one  order  of  magnitude 


Code- modulator-only  T 

readout  cell  array  Capacitive  Transimpedance 


ampiifier  per  row 


Conclusion  (cont'd) 


I  ntegrating  an  amplifier  to  perform  differential  to  single- 
ended  conversion  inside  the  chip  would  improve  the  system 
performance  (pedestal  voltages  and  vestigial  voltage  spikes 
would  be  cancelled  inside  the  integrated  circuit) 


RST 


RST 


Single-ended 

output 


Capacitive  Transimpedance  Differentiai  amplifier 

ampiifier  per  row  per  row 
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